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2 - Set the sample grid size you want for your analysis (be sure to check your
Rhino units first to make sure the resolution isn't too high!)

3 - Set layer names for analysis and context shading

4 - If you shading layer has some transparency, adjust the Context Transparency
value (between © and 1)

5 - Set the location point and scale for where you want your solar path and 5
ﬁgraphs to appear

6 - Choose whether you want to display direct radiation, diffuse radiation, or
daylight hours

{e}
EPW file saved as C:\wea\USA_PA_Philadelphia.Intl.AP.724080_TMY3_SAM.epw
with the diffuse column reduced by a constant factor of ©.731293733599671
and the direct column reduced by a variable factor

7 - Adjust the display ranges to fixed values so that successive iterations
will use the same scale

Based on the area-weighted normal vectors, the tilt and azimuth should be set to
Tilt (deg) :15.8166046912722
Azimuth (deg) :18@

8 - Change the color legend as desired

9 - When you're satisfied, select the items below, activate the layer you want
to bake to, and click 'Insert' on your keyboard

Urban Shading Losses Imported from Rhinoceros 3D Grasshopper Definition
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Revised January 2008 + NREL/TP-560-34302

Solar Position Algorithm for
Solar Radiation Applications

Ibrahim Reda and Afshin Andreas

&~
Zaal) -
i »Ne=L
S "
A 4 National Renewable Energy Laboratory
1617 Cole Boulevard
Golden, Colorado 80401-3393

NREL is a U.S. Department of Energy Laboratory
Operated by Midwest Research Institute « Battelle « Bechtel

Contract No. DE-AC36-99-GO10337

@) RhinoCommon 50K - Tab %

<« ¢ | [ 4rhino3d.com/5/rhinocommon/ o

& (¥)(A] 2] )2 Direct Link
El Rhino.Geometry. Intersect Namespace
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» BlaneSphere Method
» ProjectPointsToBreps Method
» ProjectPointsToMeshes Method
= RayShoot Method
SphereSphere Method
» SurfaceSurface Method
IntersectionEvent Class
» LineCircleIntersection Enumeration
» LineCylinderIntersection Enumeration
» LineSpherelntersection Enumeration
MezhClash Class
» FlaneCirclelntersection Enumeration
4 | 1 | r

¥ Code: All
RhinoCommon SDK
Intersection.MeshRay Method (Mesh, Ray3d)

Intersection Class See Alzo Send Feedback

= Collapse all

Finds the first intersection of a ray with a mesh.

Mamespace: REhino.Geometry.Intersect

L Assembly: RhinoCommon (in RhinoCommaon.dll) Version: 5.1.30000.10 (5.0.20693.0)

= Syntax

c#

public static deouble MeshRay(
Mesh mesh,

Rayad ray

3
!

Visual Basic

Public Shared Function MeshRay ( _
mesh As Mesh, _
ray As Ray3d _

} As Double

m
]

Parameters

mesh
Type: Rhino.Geometry.Meszh
A mesh to intersect.

ray
Type: Rhino.Geometry.Rayv3d
A ray to be casted.

Return Value
== 0.0 parameter along ray if successful. < 0.0 if no intersection found.

+ See Also

Updated 8 July 2013 - Robert McMeel and Associates [Rhine 5 SRS)

Send comments on this tepic to steve@meneel.com

- Beport wishes and bugs: http://discourse.mcneel.cem)’

»

m

q | 1

Urban Shading Losses Imported from Rhinoceros 3D NREL Solar Calculator and RhinoCommon SDK
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Dim SolarVec As Vector3d
For i As Integer = @ To Days.Count - ﬂ
For j 4s Integer = @ To Times.Count - 1
SolarVec = CalcSolarVec{Days(i), Times(j)}, Mang, Latitude, Longitude, TimeZone)} "MREL Calculator
Dim gline As New Line{Mew Point3d(@, @, 1), SolarVec, 1)
Dim xyplane As Mew Plane(New Point3d(e, @, 8}, MNew Vector3d(e@, @&, 1))
Dim param 4As Double
If Rhino.Geometry.Intersect.Intersection.LinePlane{gline, xyplanes, param) Then
_Gpt.add(gline.Pointat(param)) 3?
End If
_D.Add(Days{i))
_T.Add(Times(3)) /
_Index.Add(Math.Round{24 * (Days(i} - 1) + Times(j) - 1)} i
_uv.Add{New Vector3d(i s (Days.Count - 1}, j / (Times.Count - 1), @)) j
Mec.Add(Solarvec)
If SolarVec.Z »= B Then |
_Day.Add(True) '

Elze

Urban Shading Losses Imported from Rhinoceros 3D NREL Solar Calculator Code Snippet
© KieranTimberlake | July 23, 2013



subtot = Vector3d.Vectorgngle! Vec(i), n_j(3}) "Check the angle between the sun and the face

If (subtot > Math.PI /7 2} Then "If the sun's hitting the back face of object
subtot = @ "then ignore it.
insun = @
percvissun = @
Elze "Otherwize set the energy to # ;
subtot = Math.Cos(subtot) * CalcAvgRad(_dnr, _Index(i), DayIncr) * 1 'kos(angle of incidence) x Inte Iﬁ tgf?a FErEge OV
If (subtot <= @) Then "Check to make sure we're not in the negative /4
subtot = @
End If
If (insunm = 1) Then "If we're still getting light, then we're not ﬂg*luded
Dim r As Mew Ray3d{P_j(j), _Vec(i)) 'S0 look at the sun I
For k As Integer = @ To OcMesh.Count - 1 "and s=e 1f any of the context meshses is blﬂ;ﬁing our view
If OcTrans(k} < 1 Then "Ignore transparent meshes

If (Rhino.Geometry.Intersect.Intersection.MeshRay({OcMesh{k}, r)} » @) Then "If we rlnd an 1nter5ect101
percvissun = percvissun ¥ QcTrans(k) I
insun = insun * OcTrans(k)

subtot = subtot * OcTrans(k) "then scale energy down by the occluding Dbjecﬁ g transg%péx E/f
If percvissun = @ Then "If we're fully occluded b -
k = QcMesh.Count - 1 "then don't bother looking any further H\
End If AN
End If \\\\
End I
Next
End If
End ITf
Urban Shading Losses Imported from Rhinoceros 3D Mesh Intersection Class Code Snippet
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Select Case Parall
Case "Enabled" 'Multithreading enabled
Try
Parallel.For(@, P_3j.Count, Address0Of calcIncidentRadiationFactor)
Catch ex As Ewception
gerrorcount += 1
errormessage = ex.Message
End Try
Case "Disabled” "Multithreading disabled
For j As Integer = @ To P_j.Count - 1
calcIncidentRadiationFactor(j)
Mext
End Select

Urban Shading Losses Imported from Rhinoceros 3D Multi-Threading
© KieranTimberlake | July 23, 2013
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{e}
EPW file saved as C:\wea\USA_PA_Philadelphia.Intl.AP.724680_TMY3_SAM.epw
with the diffuse column reduced by a constant factor of ©.731293733599671
and the direct column reduced by a variable factor

Based on the area-weighted normal vectors, the tilt and azimuth should be set to
Tilt (deg) :15.8166046912722
Azimuth (deg) :180

Modified .epw and input parameters for SAM



-Tracking & Orientation ~Choose Weather Data File
.IE'|I|m|.|th m |'E:'| Fixed ’ . \
N=D Vert = 90 ) . Filter locations by name:
[} 1 X5
B C:weafUsa_AK_anchorage.Int. AP, 7027 30_TMY 3.epw -
Hariz (12 Axis C:wea/Usa_CA_Santa.Barbara. Muni, AP, 723925_TMY 3.epw
0 —_ i Ciwea/Usa_IL Chicago-OHare, 725300 TMY 2. epw
() Azimuth Axis C:\wea/USA_MA_Boston-Logan.Int. AP. 725090 TMY3.epw
_ C:\wea/USA_MI_Detroit-City.AP. 725375 _TMY3.epw
[ Tit=latitude C:\wea/USA_NY_Mew.York-Central Park, 725033 _TMY 3.epw
it (d C:wea/Usa_PA_ Philadelphia.Ind. AP, 724080 TMY 3-54M. epw
Tilt (deg) 15.8 ‘\wea/USA_PA_Philadelphia.Intl. AP, 724080 _TMY3.epw
Azimuth {deqg) 180
Tracker rotation limit (deg) 45 P b
Backtracking SAM's solar models read weather files in TMY 2, TMY 3, EPW, and SMW format, The default weather file library [ Folder Settings... ]
idth ndl plete set of TMY2 files for U.5.locations. SAM locks for weather files in the specdified folders.
Row width (m) 2 To change the search folders, dick "Add/Remove”. The prefix "SAM/" indicates a location fro e standara [ Refresh list ]
Space between edges of adjacent rows (m) 5AM library, and those preceded D hS'E?x_' are stored in your project file to fadlitate sharing other =
. g ! 1 people [ Copy to project ]
Remove from project
[ Create TMY3 file |
[ Location Loakup... ]
Urban Shading Losses Imported from Rhinoceros 3D Modifications to SAM workflow
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g a Ty -

IEI_] Usa_PA_Philadelphia.Intl AP.724080_ThY3_SAM.epw ] =] EZ Usa_PA_PhiladelphiaIntl.AP.724080_TMY3.epw [Read-Only]
E F G H | | K L M M 0 P ; O P Q R 5 T
16 0.?9 ?97979E 1.1 -1.7 82 101000 39 837 290 17 0 11.13074 % 16 0 17 1908 0 1908 562
17 0 ?9797979E 1.1 -1.7 82 101300 239 1415 271 84 0 51.07045 17 30 78 9073 23439 8674 17939
18 0 79797979E 1.7 -1.7 79 101500 425 1415 266 223 0 22.49843 18 321 126 23460 28979 14702 2565
19 0 ?9797979E 1.7 -2.2 76 101600 559 1415 264 336 0 B62.855%4 19 605 96 34961 57210 12240 1879
20 0 79797979E 2.2 -2.2 73 101600 631 1415 259 430 376.3636 38.63022 20 828 59 45166 79660 9468 1365
21 0 79797979E 2.8 -1.7 73 101500 636 1415 262 425 505.9091 43.86821 21 795 67 45226 77382 10278 1480
22 0 79797979E 3.3 -2.2 67 101500 574 1415 259 399 734.0909 34.70172 22 850 53 42026 80741 9131 1247
23 0 79797979E 3.3 -2.2 67 101600 448 1415 259 290 739.7727 2R8.B0897 23 I75 44 30677 70536 8209 1028
24 0 ?9797979E 2.8 -3.3 ] 101800 269 1415 2568 151 629 20.95198 24 629 32 16069 50537 6401 694
25 0 79797979E 1.7 -39 67 101900 61 1049 251 e 0 9.821241 25 225 15 2998 10290 2356 276
26 0 79797979E 1.1 -4.4 67 102000 0 1] 248 1] 0 L] 26 Li] 0 1] 0 1] 0
27 0 79797979E 0.6 -4.4 70 102100 0 1] 247 1] 0 ] 27 1] 0 1] 0 1] 0
28 0 79797979E 0 -5 69 102100 0 0 244 0 0 0 28 0 0 0 0 0 0
29 0 ?9797979E -0.6 -3.6 69 102100 0 1] 241 1] 0 1] 29 1] 0 1] 0 1] 0
30 0 79797979E -1.7 -5.6 75 102200 0 0 237 0 0 0 30 0 0 0 0 0 0
31 0 79797979E -1.1 -5.6 72 102300 0 1] 240 1] 0 L] 31 Li] 0 1] 0 1] 0
32 0 79797979E -1.7 -8.9 S8 102200 o 1] 234 1] 0 1] 32 1] 0 1] 0 1] 0
a3 0 79797979E -2.8 -10.6 55 102400 0 0 229 0 0 0 22 0 0 0 0 0 0
34 0 ?9797979E -3.3 -10.6 58 102500 0 1] 228 1] 0 1] 34 1] 0 1] 0 1] 0
a5 0 79797979E -4.4 -10.6 63 102600 0 0 224 0 0 0 35 0 0 0 0 0 0
36 0 79797979E -4.4 -10.6 63 102500 0 1] 224 1] 0 L] 36 Li] 0 1] 0 1] 0
37 0 79797979E -3 -11.1 63 102500 o 1] 221 1] 0 1] 37 1] 0 1] 0 1] 0
38 0 79797979E -5.6 -11.7 62 102500 0 0 219 0 0 0 38 0 0 0 0 0 0
39 0 ?9797979E -6.1 -11.7 ] 102500 0 ] 217 ] 0 ] 39 ] 0 ] 0 ] 0
40 0 79797979E -5.6 -11.7 62 102700 39 837 219 21 0 2.511742 40 92 13 1900 3200 1700 2200
41 0 79797979E -4.4 -11.7 58 102700 239 1415 227 117 0 26.84473 a1 A48 a1 12000 32100 6600 7400
42 0 79797979E -3.3 -11.1 a5 102700 426 1415 231 233 0 41.903%6 42 258 B4 24300 49600 9300 12300
43 0 79797979E -2.8 -10 58 102800 560 1415 230 381 0 41.90396 43 796 64 40000 75700 9800 13500
F 0 ?9797979E -1.7 -9.4 a6 1026000 633 1415 234 445 380 45.83246 44 836 70 47000 81200 10600 15200
45 0 79797979E -0.6 -8.3 56 102600 638 1415 239 446 528.8182 46.48721 45 831 71 47200 80700 10600 15400
46 0 79797979E 0.6 -7.2 1 102600 576 1415 249 368 644.2727 41.9039%6 46 7a6 64 38900 71400 9700 13700
a7 0 79797979E 0.6 -6.7 a9 102600 451 1415 253 246 497.3182 52.37995 3 a7y 521 80 25500 46700 10500 15000
A M 2IN 2N 20nr noc = | Ein AMTE o i | 1A1E ~AN 47T AT O AC AT A0 AT AT A AT L Ta ety ol tatal T
M 4 » M| USA_PA_Philadelphia.Intl.AP.724 ¥ |I| 4 | m | » |I|.:E M 4 ¢ M| UsSA_PA_Philadelphia.IntlLAP.724 %]
Urban Shading Losses Imported from Rhinoceros 3D Modification to Beam and Diffuse Columns
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Building Shading Context - PV Zone 1



EEE Context.3dm (1342 KB) - Rhinoceros (Commercial) (64-bit)
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Monthly Output (Base Case)
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Monthly Output (Base Case)
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Urban Shading Losses Imported from Rhinoceros 3D Vegetative and Building Shading Context - PV Zoni
© KieranTimberlake | July 23, 2013



Mo Shading Context
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Urban Shading Losses Imported from Rhinoceros 3D
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Zonel Zone2 Zone3 fone 4

Jan 17.2592 13.2859 174879 19.3758
Feb 20.8842 20.15917 19.832 21.6968
Mar 30,9731 30.8675> 28.0113 30.7064
Apr 321175
May
Jun
Jul
Aug
Sep 31.2304 31.1084 29.535 31.1567
Oct 25.7814 25.5416 24.6506 26.7792
Nov 17.0691 14.15989 17.121 19.1635
Dec 15.0912 11.8092 14.9874 16.575
Total | 338.441 331141 328.693 352.285|

-12% -14% -14% -8%

Building and Vegetative Shading Context
fonel Zonel2 Zone3l fone 4

Jan 13.0813 9.23704 174537 19.2301
Feb 19.0622 18.0527 19./993 21.6525
Mar 30,105 30,0403 27.9593 30.0337
Apr 32,6158 33.0202 32.0583
May
Jun
Jul
Aug
Sep 30.5874 30.502 29.4846 31.0863
Cct 240711 23.6794 24.6069 26.7209
Nov 13.8344 10.8602 17.084 19.1148
Dec 11.1426 8.10128 149569 16.5356
Total 318.172 311095  328.057) 351.410|

-17% -19% -14% -8%

Summary - PV Zones 1-4
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Urban Shading Losses Imported from Rhinoceros 3D Next Steps — Variable Shading Coefficients,

Temperature
© KieranTimberlake | July 23, 2013

Corrections



Urban Shading Losses Imported from Rhinoceros 3D Who are we?
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Urban Shading Losses Imported from Rhinoceros 3D
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Why do we model?



